Genetic studies of the symbiotic nitrogen-fixing actinomycete genus Frankia are impractical at present because of the filamentous mode of growth of the organism. Prior to the procedures reported in this communication, it has not been possible to obtain single genomic cell units for study. Although it is possible that some protoplasts of a coenocytic organism such as Frankia may contain more than one copy of the chromosome, it is likely that most protoplasts will contain only one copy. Genetic studies of other filamentous actinomycetes are practical because it is easy to obtain and germinate the haploid spores. Most Frankia strains produce spores as clusters inside a sporangium (4, 12) , but there are no published reports of germination of the spores. A comprehensive study of spore germination in several Frankia strains was undertaken in this laboratory (M. McBride, unpublished observations). We never observed more than a few of the spores to germinate and form germ tubes following incubation in a variety of simple and complex growth media. Addition of hot water extracts of roots and nodules of alders did not enhance germination. Attempts to activate by heat and cold shock, by treatment with chemicals such as detergents and solvents, and by repeated water washing also did not enhance germination.
Some Frankia strains harbor plasmids (7, 10, 11 (Fig. 1) illustrate the time course of protoplast formation for strain CPI. In normal undigested hyphae after 15 min of lysozyme digestion, cytoplasm appeared to coalesce inside the hyphae walls (Fig.  1A) , and protoplasts began to bleb out from the disintegrating hyphae (Fig. 1B) . The maximum number of protoplasts was reached after 1 to 2 h of incubation. Spherical protoplasts formed at 120 min. (Fig. 1C) . The protoplast preparations were sufficiently free of intact hyphae to make subsequent purification unnecessary. Passing the protoplasts through a cotton wool plug, as is recommended for Streptomyces protoplast preparations (3) Protoplast yields for each of the four isolates were increased by growing the cells in medium containing 0.1% (the optimal concentration) glycine. Growth was repressed and morphology was abnormal with higher concentrations of glycine in the medium. The effect of cell age on efficiency of protoplast formation is shown for strain EAN in Fig. 2 To define the optimum conditions for protoplast regeneration, the effect of varying the sucrose and Mg and Ca ion concentrations was tested. Other components of the medium were as described above. Regeneration of protoplasts of the four isolates was optimal with 0.3 M sucrose, 5.0 mM CaCl2, and 5.0 mM MgCl2 (Table 1 ). This medium is referred to subsequently as preliminary regeneration medium (PRM). The optimal temperature for regeneration was 25°C for all isolates (data not shown). Regeneration of protoplasts was slow. Visible growth for each isolate appeared only after 14 days of incubation. An example of the time course for regeneration of protoplasts of the four Frankia strains in PRM is illustrated in Fig. 3 . Growth of none of the four isolates visible until after 14 days of incubation. The efficiency of regeneration (percentage of protoplasts forming colonies) increased for strain EAN to a mnaximum value of 27% at 40 days. The maximum efficiency for EUI of 12% was reached at 35 days. Maximum efficiency for CPI and ACN was 18.3 and 0.9%, respectively. The colonies formed from all four isolates originated from protoplasts because plating of each onto appropriate growth medium without osmotic stabilizer yielded no growth during the 35-day incubation period (data not shown).
A detailed study was made of optimal conditions for regeneration of protoplasts of strains CPI and EAN, repre- Faure-Raymaud et al. (2) described protoplast formation of four Frankia strains but did not report their regeneration. These workers used lysozyme and achromopeptidase, both at a concentration of 7.5 mg/ml, to prepare the protoplasts. The four strains of Frankia studied in this investigation were converted efficiently into protoplasts by lysozyme (0.25 mg/ml). It was necessary to grow the organisms in medium containing glycine to render the walls suceptible to the lower level of lysozyme. Efficient conversion of streptomycetes to protoplasts by lysozyme also requires growth in medium containing glycine (8) .
For optimum regeneration, the Frankia protoplasts had to be sandwiched between a layer of a nutritionally rich osmotically stabilizing medium and a layer of low-melting-point agarose containing 0.3 M sucrose and calcium and magnesium ions. The maximum efficiency of regeneration of the four Frankia strains varied widely: 27% for EAN, 20% for EUI, 37% for CPI, and 1.3% for ACN. Conditions for maximum regeneration were studied in detail only with strains CPI and EAN. The regeneration efficiency for strains EUI and ACN might be improved by further investigation. The percent regeneration efficiency that we observed for these Frankia strains is within the range of values reported for protoplasts of Streptomyces spp. (1, 8, 9) .
Frankia research is hindered by the lack of a genetic transfer system. The possibility of forming and regenerating protoplasts of the organisms is an important step toward developing a feasible genetic system. The kinds of protoplast transformation systems that work efficiently in Streptomyces spp. and other organisms should also be applicable to Frankia sp.
